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ways. For example, consonant-vowel gestures in spontaneous-
like speech have beepund to show more coarticulation than
ABSTRACT corresponding consonant-vowel gestures in non-spontaneous

L speech [6, 7].
Contemporary psycholinguistic models suggest that there may

be two possible routes in phonetic encoding: a 'direct’ rm%gg

. . ) o2 e “Some of the measures that have been used to gauge the
which uses stored syllabic units, and an ‘indirect’ route whicly,yqyment of direct and indirect routes have included response

relies on the on-line assembly of sub-syllabic units. Thgyencies and the duration of utterances. Here, greater values for
computationally more efficient direct route is likely to be usegyoih the aforementioned measures could be interpreted as a sign
f_or high frequency words, whereas the indirect route is mogg greater planning and encoding demanded by the ‘indirect
likely to be used for novel or low frequency words. route [5]. It has also been suggested that there may be other
. . . indices which can be used to determine the level of
This paper presents some acoustic evidence that suggests fjalct/indirect' route encoding and these may include higher
there may be dual routes operating in phonetic encoding. nglable cohesion (or increased coarticulation or gestural
data reported suggest that a group of normal speakers may @ jan) for syllables generated using the ‘direct' route [8].
employing different routes in the phonetic encoding of high and
!ow frequency worQs elicited v_ia_a repetition task. The evidencgyg preliminary study examines whether different routes may
is presented and discussed within the framework of a dual-roq}g operating in the phonetic encoding of high and low frequency

hypothesis, and in light of other acoustic evidence reported j,ngsyilabic words, elicited via a repetition task. The effect of

the literature. word frequency on measures of response latency, utterance

durations, word durations, consonant-vowel frequency changes
1. INTRODUCTION was assessed. The results of this preliminary study are discussed

within the framework of the dual-route hypothesis of phonetic

There has been some debate about whether articulatemycoding.

sequences are calculated anew each time or retrieved from

storage as and when necessary during speech production [1]. 2. METHODOLOGY

Some psycholinguistic models suggest that the speech segment

has a critical role in the encoding of spoken output [2, 3, 4]. | .

these models, speech encoding is viewed as a processﬂoil' SUbJeCtS

segment-by-segment access and then assembly of the ) o .
syllable/word. Much of the empirical evidence for such theorie5€ Subjects who participated in the study were 6 women (mean

rests on speech error data from normal speakers (e.g. segmef@&—>2-8 years, age range 47 to 60 years). All six subjects
switches which convert ‘car park' to 'par cark). There jworked in a tertiary education environment. All speakers were

however, an alternative model that suggests that there may [ Sheffield and were matched for accent. None of the

two routes that may be operating in phonetic encoding [5]. Thid&akers had any speech, language or hearing impairment.

model suggests that speakers have a mental syllabary in which .

frequently used syllables are stored [5]. This is the route that We2. Speech Material

will refer to as the 'direct routt'A parallel ‘indirect routé,

which is used for novel or low frequency syllables, relies moréhe speech material used in the study consisted of three

heavily on on-line computation and the assembly of the syllabtepetitions of a set of phonetically matched 10 high frequency

from sub-syllabic units. (occurrence of more than 100 per million) and 10 low frequency
(occurrence of less than 10 per million) words, which were

The indirect route is also more likely to be used in carefidelected from Thorndike and Lorge [9].

speech scenarios such as delivering a lecture, when more

conscious attention is being directed to speech. We woulhe high frequency words wenetile, base pound bag, schoo)

therefore suggest that the dual-route hypothesis might alsold, foot, group, cup andcar. The low frequency words were:

explain some of the phonetic phenomena that have bebile, mace mound bog stool colt, soot croup, cub, andtar.

observed in the study of speech that has been elicited in differdiitis gave a total of thirty tokens for each of the high and low

frequency word groups, which were than randomised into a

single list. Subjects were instructed to repeat each word after the

experimenter. They were also required to prefix each word with

the definite articlehe (e.g.the bile, the milp All sessions were

recorded in a quiet room using a DAT recorder. The data

Peported here is only for the first repetition of the data sets.

! This is referred to as the ‘indirect' route by Levelt and
Wheeldon [5].

2 This is referred to as the 'direct' route by Levelt and Wheeldo

[5].



response latencies being found for the low frequency words.
Pairedt-tests for both utterance and word durations indicated
that although the data showed evidence of a mean trend of

All speech data were digitized (SR 10kHz) and analysed usind®9e" utterance and word durations for the low frequency
KAY Computerized Lab (CSL) Model 4300. Speech pressur?0rds, these differences were not significant.

waveforms, wideband FFT spectrograms and LPC analyses

were used to obtain the acoustic measures. The measures it Mean and standard deviation values of the degree of F2
were taken included: change and CV Timelag for the high-low frequency bilabial data

are given Table 2. Paired t-tests for both the F2 change and CV
Timelag data sets indicated no significant differences between
the high and low frequency words.

2.3. Analyses

e response (or repetition) latencies - these were
measured from the end of the experimenter's
prompting utterance to the start of the participant's
utterance;

Word Frequency

High Low
170.1 (82.1) 226.0 (115,7)

Utterance Duration 652.6 (94.7) 669.0 (111.2)

Word Duration 538.0 (104.6) 555.4 (132.2)
Table 1. Mean and standard deviation values for response
latency, utterance duration, word duration (in milliseconds) by
word frequency for all data.

«  utterance durations - these were measured from the Response Latency

start to the end of the entire utterance (The
Mile);

* word durations - these were measured from the start
to the end of the word;

«  consonant-vowél (CV) coarticulation measures
were taken for the bilabial high/low frequency pairs : Word Frequency
(mile/bile, base/macepound/moungand the velar High Low
high/low frequency pairs c@p/cub cold/colt F2 change (Hz) 186.9 (314.0) 145.7 (277]7)
group/croup®. These included measurements of the CV Timelag (ms) 123.3 (29.3) 111.6 (14.5
second formant frequency (F2) at the onset of the Table 2 Mean and standard deviation values for the degree of
vowel and the temporal midpoint of the vowels. For F2 change from vowel onset to mid vowel (Hz), and CV timelag
the plosive contexts, the vowel onset was taken at values (milliseconds) for the bilabial data.
the point of the release of the plosive and for the
nasal contexts, this was taken at the onset of the

vowel following cessation of the low frequency
nasal murmur. For thgroup/croupword pair, the
vowel onset was taken at the end of the retroflex
phase of the alveolar approximant in the clusters
[ga] and [ki]. This was determined by end of the

Word Frequency
High Low
F2 change (Hz) -295.3(317.1)] -366.7 (263]6)
CV Timelag (ms) 125.8 (32.8) 119.5 (28.1
Table 3 Mean and standard deviation values for the degree of

F2 change from vowel onset to mid vowel (Hz), and CV
Timelag values (milliseconds) for the velar data.

lowered frequency (or 'dip’) pattern of the third
formant which characterises the alveolar

approximantf].

* The F2 difference between the temporal midpoint
of the vowel and the vowel onset was then
calculated for both groups of data. The time
intervals between the vowel onset and temporal
midpoints were measured as CV timelag durations.

The mean and standard deviation values of the degree of F2
change and CV Timelag for the high-low frequency velar data
are given in Table 3. These data are also illustrated in Figures 1
and 2 for the degree of F2 change and the F2 Timelag,
respectively. Paired t-tests for the F2 change and CV Timelag
parameters indicated no significant differences between the high
and low frequency words. However, as indicated in Figure 1,
there appeared to be a trend in the F2 data to suggest that the
high frequency words displayed a lower degree of formant
movement. This pattern could be interpreted as some evidence
for a higher degree of cohesiveness in the CV gestures of the
high frequency words. The high frequency velar subset also

The means and standard deviation values for response latenci§wed some relationship between the CV Timelag values and
utterance durations and word durations are given in Table 1 féprresponding F2 changes. A Pearson's product moment
the high and low frequency words. Paired t-tests for respong@rrelation test showed a significant negative correlation

latencies indicated significant differences between the high aR§tween the CV Timelag values and corresponding values of F2

low frequency words (t(59)=-4.106, p<.001), with longecchange for the high frequency date (-.621, p<.01). This
negative correlation is illustrated by the scatter plot in Figure 3

3 . y ] where we see a general pattern of longer CV Timelag values
The 'vowels' in these contexts were diphthongs. being correlated with greater negative F2 changes. The pattern

4 i . ; . :
These word pairs were chosen because they were most closglynegative changes can be explained by the negative excursions
phonetically matched in terms of articulatory constraints.

3. RESULTS

3.1. Temporal Measures




of the second formant into the back vowel/diphtRocontexts
of cup/cub ([kup], [kub])®, cold/colt ([kould], [koult]) and 600

group/croup([gau:p/, [kau:p]). These back vowels tend to be

characterised by a low second formant frequency. 400 ®
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High Freq. Figure 3: A scatter plot showing the correlation between CV
timelag values (ms) and corresponding changes in F2 frequency
(Hz) for the high frequency velar subset.
-400 -300 -200 -100 0 4. DISCUSSION

Figure 1: Mean and standard deviation values for the degree There is some evidence from the data of the subjects in this
F2 change (Hz) for the velar subset data given by worstudy which suggests that there may be dual routes operating in

frequency. phonetic encoding. In the main, this evidence comes from the
response latencies of the low frequency words being
significantly longer than those of the high frequency words.
Although no significant differences were found between the
utterance and word durations of the high and low frequency
127 words, the data displayed a trend of the low frequency words
having longer word and utterance durations than those of the
126 high frequency words.
125
The fact that we do not observe any significant differences
@ 124 between the high and low frequency words for either the F2
E 123 change values, or the CV Timelag duration values, could be
2 122 interpreted in a number of ways. Firstly, the size of both the
° bilabial and velar data samples is small, and is therefore not
(]
_E 121 sufficient to form the basis of any conclusive comments.
> 120 Secondly, inter-speaker variability may be an additional factor
O contributing to the lack of significant differences in these two
119 parameters.
118
The data reported here are preliminary but they are suggestive
117 that the dual route hypothesis is useful in guiding further
116 : exploration of speech encoding. The data of the subjects

Figure 2: Mean and standard deviation values for the C
Timelag values (milliseconds) for the velar subset data given
word frequency.

High

Low

Word Frequency

reported here showed significantly longer response latencies to
low frequency words than to the phonetically-matched high
frequency cognate. The interpretation of this finding is not
unambiguous. It might be attributable to linguistic factors such
\@s slower lexical access to a low frequency word, or, the claim
de by the dual route theory, that low frequency words are not
stored as wholes, and therefore have to be assembled. By this
claim, slower response latencies reflect greater planning time.
This evidence might support the hypotheses of dual route
theory. Further data collection would be useful to establish

5 In this particular context we are referring to the off-glide of theyhether these trends reach significance.
diphthong

5 All phonetic transcriptions are given in a broad notation.
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can be drawn on the value of this measure in relation to the dual error patterns”, In: Keller, E. and Gopnik, M. (Edd9tor

route hypothesis. and Sensory Processes of Langyadtlisdale New
Jersey, 1987.
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